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a b s t r a c t

For the first time, about 30 volcanic formations of the back-arc Payun Matru volcanic field (Payun Matru
volcanic field, Argentina, 36�S, 69�W) have been sampled for K–Ar geochronology and geochemistry in
order to reconstruct the eruptive history of this key province in the Andean back-arc. The Payun Matru
volcanic field has been built since final Pleistocene until present with ages ranging from 280 ± 5 to
7 ± 1 ka. Erupted lavas belong to calc-alkaline series, with characteristics of both arc and intraplate mag-
mas. From previous studies, three main units are distinguished: (1) a basaltic field (Los Volcanes), which
covers a large surface of the Payun Matru volcanic field, composed of strombolian cones and associated
lava flows emitted from 300 ka to Holocene times, (2) the stratovolcano Payun, with intermediate com-
positions, built around 265 ka, and (3) the shield volcano Payun Matru s.s. characterized by trachytic
compositions and a large summit caldera. The earlier stages of the Payun Matru volcano are not dated,
but we constrain the major explosive event, related to the eruption of a widespread ignimbrite and to
the formation of the caldera, between 168 ± 4 ka (internal wall of caldera) and 82 ± 1 ka (flow within
the caldera). Based on the geochemical similarities of the ignimbrite and the upper lava flow of the
pre-caldera cone, we suggest that the age of this event is most probably at the older end of this interval.
Numerical modeling using a GIS program has been used to reconstruct the morphological evolution for
Payun Matru volcano before and after the caldera collapse. The ancient edifice could be modeled as a flat-
tened cone, 2300 m high, with a volume of about 240 km3. The ignimbrite eruption associated with the
Payun Matru caldera formation could be related to the regional tectonic environment, which is charac-
terized by multiple Plio-Pleistocene extensional stages during the last 5 Myr. The evolution of the Nazca
plate subduction from a flat slab to a normal dip induced an input of fluid mobile elements and astheno-
sphere plume-like mantle source beneath the Patagonian lithosphere, which yields the observed intra-
plate signature. We also interpret this geodynamic evolution as the influence of extensive processes in
the upper crust leading to caldera-forming eruptions as observed throughout this province.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The studied area is located in the north of the Andean southern
volcanic zone (SVZ; 33�300S–46�300S), a 1000-km-long volcanic
chain (Fig. 1). One of the interests of the studied region lies in
the relationship between the wide ranges of back-arc volcanic
products in this particular location of the SVZ, where several suc-
cessive stages of flat to normal subduction have been recognized
(Kay et al., 2006). Recently, studies have been focused on the sur-
rounding zone to characterize the back-arc basaltic volcanism at
this latitude (Bermudez et al., 1993; Delpino, 1993; Inbar and Ris-
so, 2001a,b; Risso et al., 2008) but less attention has been paid to
evolved rocks and andesitic volcanoes. The aim of the present
ll rights reserved.
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l. Volcanic evolution of the back
study is to provide a time constrained geochemical dataset in order
to widen out investigations to evolved rocks and to reconstruct the
volcanic history of the Payun Matru volcanic field (Payun Matru
volcanic field). In this paper, we first present the geochronological
data (K–Ar dating) obtained on 14 samples from the whole com-
plex. Then, we describe the geochemical data for 31 representative
samples. Finally, a morphological study (DEM) of the Payun Matru
volcanic field is used to complete our interpretations.
2. Geological setting

2.1. Regional setting

The Payun Matru volcanic field (from 36�100S to 36�350S) be-
longs to the back-arc volcanism of the Andean range in Argentina,
at about 530 km east of the Nazca plate subduction trench (Fig. 1).
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.

http://dx.doi.org/10.1016/j.jsames.2010.01.002
mailto:aurelie.germa@u-psud.fr
http://www.sciencedirect.com/science/journal/08959811
http://www.elsevier.com/locate/jsames
http://dx.doi.org/10.1016/j.jsames.2010.01.002


Fig. 1. Map of the Andean subduction-zone system showing the general tectonic setting and distribution of active volcanic zones (NVZ, CVZ, SVZ and AVZ). Arrow indicates
the direction of the Nazca plate motion relative to the South American plate (Gripp and Gordon, 2002). Below, satellite image (LANDSAT 7) of the studied area, showing the
back-arc location of the Llancanello volcanic field (LLVF) and Payun Matru volcanic field (PMVF). Main volcanoes are located with white triangles. Plio-Pleistocene calderas
are located with black-and-white circles: (1) Planchon-Azufre, (2) Calabozos, (3) Bobadilla, (4) Domuyo, (5) Palao, (6) Trohunco and (7) Copahue.
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In the area investigated here, to the northern end of the SVZ (33–
39�S), Quaternary volcanism is identified as both arc volcanism
in the principal cordillera and back-arc volcanism in the Men-
doza–Neuquén province due to periods of flat subduction during
the Miocene (Kay et al., 2006; Ramos and Kay, 2006). The steepen-
ing of the slab to the present geometry since 5 Ma caused west-
ward migration of the arc volcanism at the present active front
location, and induced hot asthenosphere upwelling, implying man-
tle plume-like dynamics beneath the Patagonian lithosphere and
preferential melting of hydrated mantle (James and Sacks, 1999;
Kay et al., 2004; Ramos and Folguera, 2005). This was followed
by occurrence of extensional faults which could be the cause of
the formation of large quaternary collapse calderas in the Neuquén
Andes to the east of the forearc (Fig. 1): Planchon-Azufre (35�150S,
70�330W; <0.55 Ma), Calabozos (35�330S, 70�300W; 0.8–0.15 Ma),
Bobadilla (36�000S, 70�300W; 0.3 Ma), Domuyo (36�340S, 70�250W;
2.5 Ma), Palao Caldera (36�520S, 70�190W; 5–3 Ma), Trohunco
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
(2010), doi:10.1016/j.jsames.2010.01.002
(37�180S, 71�010W; 3.2 Ma), Copahue (37�510S, 71�090W; 4–
2.6 Ma), Pino Hachado volcanic complex (38�400S, 70�530W; 5–
1.4 Ma), Caldera del Agrio (37�400S, 71�000W; 2.5–0.8 Ma), among
others (Folguera et al., 2005; Kay, 2005; Kay et al., 2004, 2005,
2006; Kay and Mpodozis, 2002; Munoz et al., 2000; Ramos and
Kay, 2006; Stern et al., 1990).

The back-arc region at this latitude (Fig. 1) is characterized by
the Andino-Cuyana Basaltic Province which is constituted of two
main Plio-Quaternary volcanic fields covering 15,900 km2: the
Llancanelo volcanic field (1.9–0.9 Ma, Quidelleur et al., 2009) to
the northeast, and the Payun Matru volcanic field to the south, also
called Payenia (Bermudez et al., 1993; Bertotto et al., 2006; Ramos
and Kay, 2006). They display a wide range of magmatic composi-
tions from basalts to andesites, with the presence of isolated
andesitic volcanic centers, Payun Matru and Cerro Nevado (Delpi-
no, 1993). Numerous basaltic lava fields, composed of hundreds
of effusive monogenic centers of Pleistocene and Holocene age
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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(Inbar and Risso, 2001b), which are lined up with normal faults and
fractures, are also present. With about 800 parasitic cinder cones,
the Andino-Cuyana Basaltic Province has the highest number of
monogenetic volcanoes in South America (Bertotto et al., 2006; In-
bar and Risso, 2001b; Risso et al., 2008), and basaltic lava flows can
be extremely long, e.g. the 181 km-long Pampas Onduladas flows
(Pasquarè et al., 2008). Previous studies have shown that faults
and fractures can be associated with extension during the Plio-
Pleistocene (Arana Saavedra et al., 1984; Bertotto et al., 2006; Fol-
guera et al., 2005; Kay, 2005; Kay et al., 2005, 2006; Ramos and Fol-
guera, 2005; Ramos and Kay, 2006), which favor ascent of
homogeneous magmas and rapid eruption over a wide area (Ber-
mudez et al., 1993; Inbar and Risso, 2001b; Kay et al., 2005). These
products have features of both back-arc alkali basalts and orogenic
arc basalts, which could be linked to the melting of ‘‘wet-spot”
mantle and ‘‘hot-spot” like asthenospheric conditions (Kay et al.,
2004), erupted through a slab-window formed with the subduction
of spreading ridges (Kay et al., 2004).
2.2. Geology of the Payun Matru volcanic field

The Payun Matru volcanic field (Fig. 2) covers an area of
5200 km2 at a mean altitude of 2000 m above sea-level and is char-
acterized by a vast diversity of volcanic morphologies, composi-
tions and emitted products. The field consists of the Los Volcanes
basaltic centers, with Hawaiian and Strombolian activity along
east–west trending fractures, and of two evolved volcanoes, the
Payun Matru Volcano, and the Payun Volcano. The Payun Matru
Volcano has a large elliptical caldera 9 � 7 km wide, associated
with an ignimbritic phase named El Portezuelo formation (Gonza-
les Diaz, 1972), which outcrops dominantly north and south of the
volcano, and covers an area of 2200 km2 (Gonzales Diaz, 1972).
This ignimbrite emplacement, which probably resulted from the
collapse of a plinian column, has been interpreted as being due
to the sudden draining of the magma chamber followed by the col-
lapse of the volcano summit. More recent trachytic lava flows and
trachyandesitic lava domes (Delpino, 1993; Gonzales Diaz, 1972)
were emplaced along the caldera rim, where magma ascent was
made easier by fractures and faults. The highest point of the Payun
Matru volcanic field is the Pleistocene 3680 m high Payun strato-
volcano, located at the SW of the Payun Matru volcano (Gonzales
Diaz, 1972). It is an 1800 m high cone-shaped stratovolcano with
a summit crater slightly opened to the north. All flanks of the vol-
cano are affected by erosion, with deeply incised radial canyons,
suggesting that magmatic activity has now ceased.

Two basaltic fields with a total of more than 300 eruptive cen-
ters, mostly occurring along east–west-trending fissures are found
in the Payun Matru volcanic field. The oldest lava flows are pahoe-
hoe type, whereas the youngest are aa type lavas (Inbar and Risso,
2001b). West of Payun Matru Volcano is the volcanic field ‘‘Los Vol-
canes” with about 100 strombolian cones and associated basaltic
flows forming the lava field bounded to the west by the Rio Grande
River (Fig. 2). To the east of the Payun Matru volcanic field, Pleisto-
cene to Holocene basaltic flows extending as far as 25 km from the
caldera rim, as well as lapilli cones, have been related to east–west
trending fractures (Gonzales Diaz, 1972). This field includes an old
and a younger group named Guadaloso and El Rengo groups,
respectively (Inbar and Risso, 2001b). Based on morphological
studies, Inbar and Risso (2001a,b) proposed that the cones of the
Guadaloso group (75% of them) are of Plio-Pleistocene age, while
the cones of the El Rengo group are similar to the Lower Tromen
group and Los Volcanes emplaced during the Holocene, with some
eruptions less than 1 ka (Inbar and Risso, 2001b). The latter age is
supported by the strikingly dark, unweathered basalt (Fig. 2) and
local Indian tribes oral tradition (Inbar and Risso, 2001a,b).
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
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3. Samples and methods

3.1. Sampling strategy

Thirty-two hand-size rock samples were collected from fresh
lava flows and scoria cones from the three volcanic systems (Los
Volcanes, Payun Volcano and Payun Matru Volcano). Twelve bas-
alts from the Los Volcanes field have been sampled over a surface
covering the entire field (88Q, 88R, 88S, 88Y, 88AB, 94N, 94P, 94Q,
94W, 94U, 94V, 94AD and 94AF, Fig. 2). We sampled eight lava
flows from the base to the summit of the Payun stratocone
(94AR, 94AP, 88AC, 94AS, 94AN, 94AO, 94AQ and 94AT), together
with a scoria cone at the base of the volcano (88AD). We have sam-
pled lavas from the inner wall of the Payun Matru caldera (pre-col-
lapse volcanism, samples 94AM and 94AH, Fig. 2) and from the
ignimbrite (94T1, 94T2, and 88AA). Post-collapse lava flows filling
the depression (94AI and 94AL, Fig. 2), lying on the external slopes
(88Z and 94AE) and from a pumice fall deposit (94AG) were also
sampled within the Payun Matru volcano.

3.2. Geochronology

We have used the K–Ar dating method based on the Cassignol–
Gillot technique (Cassignol and Gillot, 1982; Gillot and Cornette,
1986) on carefully selected samples. In order to remove any possi-
ble gain of argon (excess argon) due to fluids circulations or from
xenoliths of older basement rocks, and/or loss of potassium due to
weathering, a careful mineralogical separation on the freshest
samples was performed following thin sections examinations.
Based on phenocrysts size, crushing and sieving at typically 125–
250 lm and 250–500 lm were performed. Grains were ultrasoni-
cally washed with deionized water and a 10% nitric acid solution.
Heavy liquids were used to keep groundmass or K-feldspars in
narrow density ranges, and to remove mafic phenocrysts and, if
present, any slightly weathered fraction. The density ranges are
about 2.95–3.00 for basalts, 2.80–2.85 for intermediate rocks,
and 2.60–2.65 for evolved lavas. Finally, a Frantz magnetic separa-
tor was used to further improve purity of the fraction. As K is pref-
erentially concentrated in the last liquid phase, we have performed
our analyses on groundmass separates, except for the pumice
94AG and lava flows 94AE and 94AL for which feldspars have been
selected. Note that for these two samples, we have dated two size
fractions (125–250 and 250–500 lm) at the same density range of
2.60–2.63 for sample 94AE, and two fractions of same size (125–
250 lm) but different density ranges (2.51–2.60 and 2.60–2.61)
for 94AL. Feldspars from the pumice 94AG were separated within
the size range of 125–250 lm, and with a density between 2.56
and 2.62.

Potassium and argon were measured at the Laboratoire de
Géochronologie Multi-techniques, Orsay (France), from different
aliquots of the same mineral preparation, K by flame emission
spectroscopy and Ar by mass spectrometry using an instrument
similar to the one described in Gillot and Cornette (1986). The
limit of detectability of the radiogenic Ar content is presently of
0.1% (Quidelleur et al., 2001) and makes the Cassignol–Gillot
technique especially suitable for very young dating as it allows
to obtain K–Ar ages as young as 2 ka with only a few centuries
uncertainty (Gillot and Cornette, 1986). Such performance can
be achieved because of the very stable analytic conditions of
our mass spectrometer, which allows a very accurate atmospheric
correction by direct comparison of the dated sample with an air
aliquot measured in the exact same Ar pressure conditions. The
relative uncertainty on K measurement is about 1% over a range
of K contents between 0.1% and 15%. The calibration of the sys-
tem is obtained by systematic measurements of an air pipette,
which is routinely compared to the GL-O standard with its
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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Fig. 2. (a) The Payun Matru volcanic field on the LANDSAT 7 satellite image: location of the 30 formations investigated. Grey triangles show the location of samples from Los
Volcanes field, black squares are for Payun Matru samples, and white diamond for Payun samples. Underlined names indicate samples dated here and (b) digital elevation
model at a resolution of 1:90,000 (DEM and SRTM data) of the studied area showing the K–Ar ages obtained in this study.
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recommended value of 6.679 � 10�13 at. g�1 of radiogenic 40Ar
(Odin et al., 1982). Such calibration introduces an additional rel-
ative uncertainty of 1%, which leads to a total relative age uncer-
tainty of about 1.5% for samples of about 1 Ma. However, for
younger samples, the uncertainty due to the atmospheric correc-
tion dominates and can amount to 100% for sub-historic samples.
Potassium and argon were analyzed at least twice in order to ob-
tain a reproducible age within the range of error determined from
periodic replicated measurements of dating standards, such as
ISH-G, MDO-G (Gillot et al., 1992) and GL-O (Odin et al., 1982).
For age calculations, decay constant and K isotopic ratios of Stei-
ger and Jäger (1977) have been used. All uncertainties quoted
here are given at the 1-sigma level. Analytical results are reported
in Table 1.
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
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3.3. Geochemistry

The whole-rock elementary compositions (major and trace ele-
ments) of the samples have been analyzed by Service d’Analyse des
Roches et Minéraux (SARM) at Centre de Recherches Pétrographi-
ques et Géochimiques, Nancy, France (CRPG). 200 mg of each sam-
ple were melted with LiBO2 in Pt–Au crucible, and then dissolved
with HNO3. The solution obtained has been analyzed by ICP-AES
(Thermo Electron IRIS Advantage) for major and minor elements,
and/or by ICP-MS (Thermo Elemental X7) for 43 trace elements.
Calibration has been made with international standards (AN-G,
BR, UB-N, DR-N, GH), which underwent the same processing (Car-
ignan et al., 2001; Govindaraju and Mevelle, 1987; Govindaraju
et al., 1994). Results are provided in Table 2.
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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Table 1
K–Ar ages obtained from groundmass and K-feldspar. Column heading indicate sample name, dated material (groundmass: G; K-feldspar: F), latitude, longitude, potassium
content in percent, concentration of radiogenic 40Ar in percent, number of atoms/g of radiogenic 40Ar, age and 1-sigma uncertainty in ka, and average age and 1-sigma uncertainty
in ka.

Sample Material Latitude, S Longitude, W K (%) 40Ar� (%) 40Ar� (at/g) Age ± Un (ka) Mean age (ka)

88AC G 36�30047.900 69�20043.500 2.586 12.3 7.840E+11 290 ± 5
13.0 7.550E+11 280 ± 4 285 ± 5

94AP G 36�29042.600 69�17041.300 3.800 9.7 1.084E+12 273 ± 5
7.8 1.070E+12 270 ± 5 272 ± 5

94AN G 36�30020.500 69�17027.600 3.419 5.4 9.511E+11 266 ± 6
4.9 9.351E+11 262 ± 6 264 ± 6

94AS G 36�29016.900 69�18020.700 3.601 19.8 9.907E+11 263 ± 4
20.8 9.756E+11 259 ± 4 261 ± 4

88R G 36�25026.000 69�39036.300 1.299 2.2 3.023E+11 223 ± 11
2.4 3.274E+11 241 ± 11 233 ± 11

94AH1 G 36�22026.100 69�12048.500 4.757 5.5 8.404E+11 169 ± 4
6.7 8.332E+11 168 ± 3 168 ± 4

94AI1 G 36�22049.100 69�12036.500 3.792 7.2 3.256E+11 82 ± 2
10.1 3.267E+11 82 ± 1 82 ± 2

94AG F 36�2307.800 69�1406.900 5.610 2.6 2.112E+11 36 ± 1
2.4 2.230E+11 38 ± 2 37 ± 2

94AF G 36�18028.600 69�17048.100 0.874 0.6 2.740E+10 30 ± 5
0.6 2.434E+10 27 ± 5 28 ± 5

88Z G 36�26031.600 69�22050.600 4.993 1.5 1.405E+11 27 ± 2
1.7 1.302E+11 25 ± 2 26 ± 2

88S G 36�18047.900 69�39050.300 0.941 0.4 2.158E+10 22 ± 6
0.7 2.721E+10 28 ± 4 26 ± 5

94AE F250–500 lm 36�18034.300 69�17055.500 5.514 1.6 8.382E+10 15 ± 1
F125–250 lm 5.503 1.1 9.442E+10 16 ± 2 15 ± 1

94AL F2.60–2.61 36�23037.500 69�13008.800 4.839 0.6 3.735E+10 7 ± 1
F2.51–2.60 4.911 0.6 3.631E+10 7 ± 1 7 ± 1

88AB G 36�28
0
55.800 69�22021.700 1.028 <0.1 �8.402E+09 �8 ± 6

0.1 1.024E+10 10 ± 7
<0.1 �3.417E+08 0 ± 5 <7
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3.4. Volume estimation

Volume estimates were determined using the GIS software Arc-
View 9.1, from analysis of the DEM (1:90,000) which utilizes a Uni-
versal Transverse Mercator (UTM) projection (19S zone) and the
World Geodetic System 84 (WGS 1984) model. In order to evaluate
the volumes of volcanic edifices, a three-dimensional surface was
created. For the Payun volcano, which has a conical shape, we used
the present shape and a simple calculation was made to refill the
valleys. On the contrary, the summit of Payun Matru volcano has
collapsed during the caldera-forming eruption, highlighting the
need to model entire shield before this eruption. Eight radial pro-
files of the present shape of Payun Matru volcano have been drawn
(Fig. 3a) and Bézier curves using the preserved slopes have been
extrapolated to approximate a pre-collapse conic shape and to ob-
tain a complete edifice with its summit (Fig. 3b). The selected pro-
files have been used to predict values at unsampled location and to
interpolate a surface. The main technique used is a local polyno-
mial interpolation (LPI) from ArcView 9.1 software, which creates
a surface accounting for local variations only. The basal level has
been estimated using the average elevation at the base of the out-
line of the Payun Matru volcano, and the underlying slope is
extrapolated from the mean slope. The unit volume is then esti-
mated by multiplying the basal area by the difference between
the average elevation of the modeled edifice and those of the base
level.

4. Results

4.1. Geochronology

Within 1-sigma uncertainty, all 14 K–Ar ages obtained here (Ta-
ble 1) have been duplicated, which attests for the homogeneity of
the mineralogical fraction selected. The mean age and uncertainty
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
(2010), doi:10.1016/j.jsames.2010.01.002
have been calculated by weighting each analysis with the amount
of 40Ar� (Table 1). The ages range from 285 ± 5 ka to less than 7 ka.
For the youngest ages (<50 ka), uncertainty is mainly a function of
the radiogenic argon, and varies from 6 ka for basalts (88AB, 88S)
to only 1 ka for trachytes (94AE, 94AL). Ages are also reported in
Fig. 2b.

4.1.1. Payun volcano
The four K–Ar ages ranging between 285 ± 5 ka and 261 ± 4 ka

(Table 1), demonstrate that the Payun volcano was built during
Pleistocene. The oldest lava flow dated here (88AB, Fig. 2) is
slightly away from the main cone and shows that Payun volcano
probably started its construction around 285 ka. The three ages ob-
tained on the main edifice (272 ± 5 ka, 264 ± 6 ka and 261 ± 4 ka)
suggest that the volcano has been built within 2–20 kyr, and yield
a mean age of 265 ± 5 ka.

4.1.2. Los Volcanes
The basaltic eruptions from the Payun Matru volcanic field pref-

erentially occurred along the E–W direction, as evidenced by the
distribution of strombolian cones, but are present all around the
Payun Matru volcano. Because field access was limited, we only
consider here the wide basaltic field Los Volcanes, located west
of Payun Matru Volcano (Fig. 2). Two ages have been obtained
for this area (Table 1). The thick prismatic lava flow, eroded into ta-
ble-like aspect by the Rio Grande river (88R), has been dated at
233 ± 11 ka. Younger lava flow (such as 88S; 26 ± 5 ka), in some
places, have filled the Rio Grande valley forming a natural damp,
which was later eroded by the river into deep narrow canyons.

4.1.3. Payun Matru volcano
The oldest lava flow dated (sample 94AH1; 168 ± 3 ka) belongs

to the NE inner topographic wall of the caldera and thus predates
the caldera-forming eruption. This event has been associated with
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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Table 2
Major element (wt.%) and trace element (ppm) of Payun Matru volcanic field.

Los Volcanes

88Q 88R 88S 88Y 88AB 94Q 94P 94N 94AD 94AF 94U 94V 94W

wt.%
SiO2 48.75 46.98 47.66 47.84 46.97 49.10 48.71 46.51 48.88 48.8 47.28 46.66 48.60
TiO2 1.63 2.46 1.80 2.09 1.89 2.32 1.76 1.96 1.79 2.11 1.85 2.15 1.84
Al2O3 16.91 17.49 17.36 18.72 17.68 16.64 16.10 16.55 17.15 16.51 17.56 17.35 16.67
Fe2O3 10.31 12.13 10.95 11.28 11.38 11.74 11.23 11.46 11.00 11.76 11.14 11.63 10.68
MnO 0.15 0.18 0.15 0.16 0.16 0.17 0.17 0.17 0.16 0.16 0.17 0.17 0.16
MgO 6.71 4.76 7.42 5.52 6.43 5.64 7.96 6.82 6.39 6.87 5.75 6.77 6.90
CaO 9.53 8.69 10.31 8.51 10.49 8.66 9.64 10.12 9.28 10.59 10.43 11.06 10.30
Na2O 3.22 3.86 3.59 4.34 3.47 4.23 3.59 3.52 3.85 3.38 3.71 3.51 3.47
K2O 1.56 1.47 1.04 1.53 1.13 1.531 1.39 1.16 1.21 1.02 1.021 1.15 1.24
P2O5 0.35 0.73 0.33 0.61 0.39 0.65 0.40 0.43 0.48 0.38 0.50 0.42 0.43
LOI 0.81 0.41 �0.73 �0.69 �0.10 �0.01 0.02 0.33 0.06 0.40 0.76 �0.20 0.36
Total 99.93 99.16 99.88 99.91 99.89 100.65 100.96 99.02 100.44 100.06 100.35 100.66 100.64

ppm
Rb 27.7 19.5 14.4 26.2 19.4 25.8 30.7 20.7 32.4 13.8 23.8 20.3 25.6
Ba 348 430 269 475 296 332 300 286 323 234 358 287 336
Th 5.10 2.42 1.28 2.88 2.21 3.40 4.02 2.55 3.94 1.50 2.92 1.76 2.84
U 1.23 0.67 0.41 0.85 0.67 0.86 1.20 0.74 1.09 0.45 0.85 0.57 0.80
Nb 20.5 27.1 13.7 23.3 14.6 23.2 17.7 15.9 18.9 13.9 17.3 16.3 16.7
Ta 1.54 1.87 0.96 1.60 1.08 1.78 1.37 1.19 1.45 1.04 1.27 1.25 1.24
La 22.0 30.3 15.5 28.1 18.7 23.1 19.7 18.3 21.5 14.0 21.5 17.0 19.7
Ce 45.7 63.6 34.6 59.3 40.5 49.7 42.0 39.2 44.6 31.1 47.0 38.8 43.2
Pb 5.20 2.96 2.49 3.92 5.63 3.51 4.23 2.97 4.45 2.11 3.88 2.40 3.60
Pr 5.72 8.21 4.70 7.65 5.45 6.49 5.38 5.185 56.495 4.20 6.14 5.18 5.59
Sr 870 905 560 918 624 628 556 623 604 553 723 668 618
Nd 24.1 34.9 20.6 32.2 23.8 27.7 22.7 22.1 23.5 18.6 25.8 22.9 23.8
Zr 190 178 159 217 154 186 174 147 188 133 176 153 173
Hf 4.57 4.09 3.66 4.81 3.63 4.46 4.11 3.48 4.35 3.23 4.07 3.64 4.00
Sm 5.41 7.58 4.95 7.02 5.55 6.39 5.18 5.24 5.45 4.79 5.86 5.45 5.50
Eu 1.74 2.57 1.76 2.36 1.87 2.19 1.74 1.84 1.78 1.71 2.00 1.93 1.86
Gd 4.95 6.67 4.72 6.19 5.24 6.12 4.99 5.08 5.13 4.72 5.46 5.22 5.26
Tb 0.76 0.99 0.73 0.90 0.79 0.91 0.74 0.75 0.7 0.72 0.80 0.79 0.76
Dy 4.31 5.34 4.16 4.92 4.44 5.10 4.28 4.30 4.41 4.27 4.56 4.53 4.44
Y 23.3 27.8 22.2 26.0 23.5 25.7 21.9 21.8 23.0 21.3 23.8 22.8 23.0
Ho 0.83 0.98 0.80 0.91 0.83 0.95 0.780 0.79 0.82 0.8 0.84 0.84 0.82
Er 2.25 2.57 2.15 2.47 2.24 2.55 2.20 2.14 2.23 2.07 2.29 2.23 2.18
Tm 0.32 0.35 0.31 0.35 0.32 0.36 0.32 0.350 0.31 0.28 0.32 0.31 0.31
Yb 2.13 2.20 1.95 2.20 2.061 2.30 2.03 1.92 2.06 1.82 2.07 1.95 1.99
Lu 0.32 0.32 0.29 0.33 0.31 0.34 0.30 0.28 0.31 0.27 0.30 0.29 0.29

Payun

88AC 88AD 94AN 94A0 94AP 94AQ 94AR 94AS 94AT

wt.%
SiO2 63.46 51.61 53.86 53.82 62.61 58.86 62.84 62.28 55.96
TiO2 0.74 2.21 1.90 1.92 0.91 1.37 0.84 0.90 1.63
Al2O3 17.39 18.13 16.74 16.74 17.19 16.92 17.00 17.21 16.77
Fe2O3 4.52 9.63 9.57 9.62 5.28 7.05 5.12 5.20 8.13
MnO 0.14 0.17 0.18 0.18 0.15 0.14 0.15 0.15 0.16
MgO 0.56 2.93 2.80 2.79 1.09 1.99 0.95 1.06 2.33
CaO 1.83 6.49 5.60 5.44 2.41 4.25 2.17 2.39 5.15
Na2O 5.79 4.95 5.04 5.05 5.98 5.05 6.00 5.97 5.04
K2O 4.60 2.67 3.24 3.22 4.19 3.76 4.37 4.20 3.43
P2O5 0.23 0.75 0.95 0.97 0.35 0.62 0.31 0.35 0.82
L.O.I. 0.66 �0.04 0.31 0.28 0.06 0.05 0.25 0.16 0.63
Total 99.92 99.50 100.18 100.03 100.22 100.05 99.99 99.86 100.06

ppm
Rb 100 53.8 71.6 70.6 86.6 92.3 91.6 87.6 78.2
Ba 783 527 556 551 907 644 898 901 576
Th 11.8 6.32 8.93 9.12 9.96 12.0 10.4 9.98 10.9
U 3.03 1.82 1.60 1.96 1.24 2.58 1.86 1.16 2.53
Nb 46.6 38.8 48.2 48.1 47.6 44.8 49.0 48.2 47.2
Ta 3.67 2.92 3.59 3.53 3.34 3.54 3.49 3.30 3.81
La 52.3 40.4 46.8 46.4 51.0 44.5 49.8 49.6 45.5
Ce 96.0 83.5 94.1 95.1 96.9 87.4 96.5 96.1 91.6
Pb 28.8 6.03 7.49 7.85 8.90 9.41 10.1 16.3 7.79
Pr 10.5 10.4 11.4 11.5 10.9 9.94 10.8 10.8 10.5
Sr 264 797 581 568 336 536 277 331 533
Nd 37.5 42.3 44.6 45.9 40.9 37.7 39.4 40.1 41.1
Zr 493 319 380 378 436 392 457 442 364
Hf 9.71 6.52 7.83 8.05 8.83 7.90 9.34 8.64 7.76
Sm 6.84 8.90 9.09 9.21 7.72 7.37 7.45 7.68 8.27
Eu 1.68 2.65 2.50 2.52 2.28 1.94 2.08 2.17 2.20
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Payun

88AC 88AD 94AN 94A0 94AP 94AQ 94AR 94AS 94AT

Gd 5.74 7.84 8.15 8.08 6.59 6.30 6.25 6.26 7.08
Tb 0.88 1.15 1.18 1.19 0.99 0.95 0.98 0.97 1.06
Dy 5.10 6.29 6.75 6.74 5.81 5.32 5.65 5.56 5.98
Y 29.4 33.1 34.6 34.0 32.0 28.5 31.6 31.6 31.9
Ho 0.98 1.15 1.22 1.23 1.1 1.00 1.08 1.07 1.12
Er 2.86 3.12 3.29 3.33 3.21 2.75 3.06 3.02 3.11
Tm 0.46 0.45 0.48 0.50 0.49 0.42 0.46 0.47 0.46
Yb 3.08 2.92 3.17 3.25 3.25 2.80 3.24 3.23 3.09
Lu 0.50 0.45 0.50 0.50 0.51 0.44 0.51 0.50 0.47

Payun Matru

94T1 94T2 94AH1 94 AI1 94AL 94AE 94AG 88Z 88AA

wt.%
SiO2 62.55 60.94 63.26 58.99 67.16 67.01 65.17 68.80 63.26
TiO2 0.74 0.73 0.73 1.28 0.48 0.43 0.39 0.39 0.67
Al2O3 17.61 17.05 17.49 17.68 16.22 15.85 14.71 16.07 18.34
Fe2O3 4.21 4.19 4.41 6.05 3.19 3.11 3.08 3.07 3.73
MnO 0.11 0.11 0.12 0.15 0.12 0.12 0.12 0.12 0.09
MgO 1.05 1.10 1.06 1.56 0.38 0.35 0.38 <L.D. 0.74
CaO 3.36 3.74 2.66 3.49 0.84 0.83 0.81 0.49 2.18
Na2O 5.38 5.04 5.45 5.65 5.97 5.62 5.03 5.72 5.83
K2O 4.58 4.37 4.53 4.16 5.54 5.60 5.15 5.28 4.66
P2O5 0.26 0.20 0.27 0.46 0.09 0.09 0.09 0.09 0.27
L.O.I. 0.89 2.75 0.23 0.19 0.32 1.18 4.74 0.13 0.14
Total 100.73 100.22 100.19 99.66 100.30 100.19 99.68 100.16 99.91

ppm
Rb 143 134 142 91.0 208 236 259 253 150
Ba 603 588 527 688 185 76.9 33.3 99.6 604
Th 20.1 18.9 21.0 16.1 31.2 34.3 45.1 39.5 21.8
U 5.92 5.31 6.02 3.05 8.91 9.68 12.4 9.70 5.99
Nb 49.2 46.9 53.0 53.8 83.3 89.2 108 101 53.9
Ta 4.18 4.03 4.55 4.10 7.02 7.57 8.88 8.56 4.59
La 37.5 35.3 36.7 43.7 59.5 58.6 65.1 68.5 39.4
Ce 72.5 68.5 71.1 90.4 112 113 129 131 74.7
Pb 12.4 14.2 11.6 14.0 13.2 18.2 24.3 12.1 20.9
Pr 7.86 7.35 7.81 10.5 12.1 12.2 13.3 13.8 8.34
Sr 316 322 344 392 33.4 23.3 12.6 30.7 310
Nd 27.4 26.1 27.3 39.3 41.3 39.5 43.9 45.2 29.8
Zr 528 500 577 549 990 896 757 893 595
Hf 11.2 10.6 11.9 11.1 20.9 19.3 19.7 19.8 12.2
Sm 5.25 4.95 5.22 8.06 7.42 7.31 8.24 8.16 5.68
Eu 1.34 1.35 1.30 2.22 0.73 0.42 0.29 0.47 1.42
Gd 4.52 4.20 4.40 6.86 6.17 5.84 6.46 6.63 4.71
Tb 0.72 0.69 0.71 1.08 1.07 1.05 1.15 1.15 0.78
Dy 4.26 4.00 4.12 6.23 6.85 6.48 7.27 6.99 4.55
Y 24.9 23.8 24.2 31.6 40.7 41.3 44.8 44.6 26.8
Ho 0.83 0.79 0.82 1.14 1.38 1.33 1.47 1.43 0.89
Er 2.46 2.32 2.50 3.32 4.25 4.20 4.65 4.55 2.68
Tm 0.40 0.39 0.41 0.49 0.74 0.780 0.80 0.78 0.44
Yb 2.92 2.79 2.95 3.46 5.20 5.27 5.89 5.63 3.13
Lu 0.47 0.45 0.47 0.55 0.86 0.87 0.96 0.91 0.51

Table 2 (continued)
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the El Portezuelo large extend ignimbritic phase. Unfortunately,
dating of both 94T2 and 88AA from this formation was not con-
clusive because of weathering of the dominant glass fraction,
the lack of juvenile minerals, and the occurrence of inherited
material from basement rocks due to the explosivity of the erup-
tion. Sample 94AI1, from an intra-caldera trachyandesite flow
from the El Mollar group (Gonzales Diaz, 1970), has been dated
at 82 ± 1 ka. A white pumice fall deposit (La Planchada (Gonzales
Diaz, 1972)), dated at 37 ± 1 ka (94AG), covers the external and
internal slopes of the northwestern rim. The youngest activity
within the caldera (Gonzales Diaz, 1970), the Escorial del Matru,
has been dated at 7 ± 1 ka (94AG, Table 1). On the NW external
slope of the volcano, about four lava flows were emitted from a
SW-NE fissure. The longest has been dated at 15 ± 1 ka (94AE)
and overlies an older basaltic flow (94AF) dated at 28 ± 5 ka. On
the western flank, a massive rhyolitic lava flow (88Z) from the
La Calle group (Gonzales Diaz, 1972) has been dated at
26 ± 1 ka. To the south of this flow, the ignimbrite deposit is par-
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
(2010), doi:10.1016/j.jsames.2010.01.002
tially covered by a trachyandesitic lava flow, which yielded a re-
cent age of less than 7 ka (88AB, Table 1).

4.2. Petrography and geochemistry

4.2.1. Petrography
Basalts from the Los Volcanes field have been sampled over a

surface covering the entire field. Most of them have a fluidal micro-
litic texture and contain numerous phenocrysts of olivine (sizes
from 0.2 to 2 mm). Many opaque minerals are also observed. These
rocks are fine to medium grained, with 2–10% phenocrysts.
Regarding the Payun Matru volcano, we have sampled lavas from
the pre-collapse volcanism (Group 1: 94AM and 94AH from the
caldera walls, and 94T1, 94T2 and 88AA from the ignimbrite de-
posit) and from the post-collapse volcanic activity (Group 2) from
lava flows filling the depression (94AI and 94AL), lying on the
external slopes (88Z, 94AE) and from a pumice fall deposit
(94AG). The groundmass of rocks from Group 1 is glassy and
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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Fig. 3. (a) Location of the eight radial profiles centered on the Payun Matru volcano, used in b. (b) N–S and E–W profiles of extrapolated topography (black lines), which is
based on the present day external slopes (grey lines). (c) Modeled DEM and elevation curves for the Payun Matru volcano before the caldera-forming eruption and (d) for sake
of comparison, DEM of the present volcanic field.
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encloses 25–30 vol.% of phenocrysts, mainly plagioclase with some
sanidine and small clinopyroxene. The Group 2 displays a more
microlitic groundmass, with intersertal glass, but with more
phenocrysts (30–40 vol.%). Fresh sanidine is the predominant min-
eral and no plagioclase can be found, except in sample 94AE where
a cluster of coarse plagioclases can be observed. Although sample
94AI belongs to the Group 2, it still has more plagioclase than sani-
dine and clinopyroxene. In addition, samples 88AA and 94AG, from
explosive volcanism, are essentially constituted of volcanic glass
and have a porous and fragmental texture comprising crystals of
sanidine and clinopyroxene of 1–3 mm in size, embedded in a
glassy and porous groundmass. All the trachytic lavas from Payun
volcano can be separated into two groups. Thin sections from the
Group 3 (94AN, 94AT, 94AO, 94AQ and 88AD) have small but
numerous phenocrysts (20–25%). The groundmass is constituted
for a large part of glass. Rocks from the Group 4 (94AR, 94AP,
94AS and 88AC) are medium to coarse grained, with 5–10% pheno-
crysts. In general, most phenocrysts are constituted of prismatic
and large zoned plagioclase with size ranging from 1 to more than
2 mm, while others are sanidine and rare small clinopyroxene.
Phenocrysts are enclosed within a microlitic groundmass consti-
tuted of plagioclase and intersertal glass.
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
(2010), doi:10.1016/j.jsames.2010.01.002
4.2.2. Major elements
In the total alkali vs. silica (TAS) diagram (Fig. 4) (Le Bas et al.,

1986), the analyzed volcanic rocks fall within the basalt, trachyba-
salt, basaltic-trachyandesite, trachyandesite and trachyte fields,
but basalts fall close to the boundary with the sub-alkaline series.
All lavas are more alkaline than volcanic rocks of the main arc and
belong to calc-alkaline series in agreement with earlier studies
(Bermudez et al., 1993). Silica contents range between 46.5 wt.%
and 68.8 wt.% and alkali contents between 3.8 wt.% and
10.3 wt.%. In the K2O vs. SiO2 diagram (Fig. 5a), samples from Pay-
un and Payun Matru lie in the shoshonitic series and high-K series
domain, whereas samples from Los Volcanes field fall close to the
calc-alkaline domain. Taking into account the very low loss on igni-
tion (L.O.I.) of the rocks from Payun Matru volcanic field (except for
94T1, 94T2 and pumice 94G), we did not recalculate the data to an
anhydrous basis. From basalts to rhyolites, there is a strong de-
crease of TiO2 (2.6–0.5 wt.%), Fe2O3 (12.5–3.1 wt.%), MgO (8.5–
0.1 wt.%) and CaO (11–0.5 wt.%). Al2O3 concentrations show a large
variability in Los Volcanes basalts (16–19 wt.%) and increase from
16.5 to 18.5 wt.% (between 50 and 63 wt.% SiO2), to decrease sud-
denly to 16 wt.% for the most evolved rocks of Payun Matru. The
variation of P2O5 concentrations across the data set is marked by
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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an increase in the basic rock interval (0.3–1% between 46.51 and
54 wt.% SiO2) and a rapid decrease (1–0.1 wt.%) for the most
evolved compositions (55–70 wt.% SiO2).
4.2.3. Trace elements
Rare earth element (REE) patterns normalized to CI carbona-

ceous chondrites (Sun and McDonough, 1989) show an enrichment
in LREE as illustrated in Fig. 6, with (La/Yb)N ratio ranging from 4.7
to 12.1. Samples from Los Volcanes display rather homogeneous
patterns (Fig. 6a), with light LREE enrichment. Diagram for Payun
volcano rocks (Fig. 6b) generally has a higher but rather similar
enrichment in LREE, while strong differences are observed for Pay-
un Matru volcano rocks (Fig. 6c). For the latter, we can distinguish
three groups based on the shape of the REE patterns and the silica
contents. First, 94AI1 (59 wt.% SiO2), has a different and flat pattern
compared to the other samples. It is a lava flow from the caldera
floor, probably one of the first flows emitted after the collapse.
Rocks from the inner wall of the caldera and from the ignimbrite
constitute a distinct group (60–63 wt.% SiO2) showing enrichment
in HREE (G1: 94AH1, 94T1, 94T2, 88AA). Younger samples from
lava flows located inside the depression and on the flanks of the
volcano (G2: 94AG, 88Z, 94AE, 94AL; 65–68 wt.% SiO2) have a light
enrichment in LREE, and significant negative Eu anomalies.

In the spider diagram (Fig. 7a) normalized to primordial-mantle
(Sun and McDonough, 1989), Los Volcanes rocks are characterized
by enrichment of incompatible elements of low ionic potential (Rb,
Ba and Sr) and low abundances of elements of high ionic potential
(Nb, Ta, Zr, Hf, Ti and Y) like oceanic island basalts (OIB). For the
Payun volcano (Fig. 7b), two groups are distinguished based on
their silica contents ranging from 54 to 59 wt.% (G3: 94AN, 94AO,
94AQ, 94AT, 88AD) and between 62 and 63 wt.% (G4: 88AC,
94AP, 94AS and 94AR), respectively. Rocks from Payun Matru vol-
cano (Fig. 7c) can be divided into the same Groups G1 and G2 as
defined using the REE diagrams (Fig. 6). For both volcanoes,
Fig. 7b and c display positive Th, U, Ta, Pb, Zr anomalies and nega-
tive Ba, Nb, Sr, Eu, Ti anomalies.
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
(2010), doi:10.1016/j.jsames.2010.01.002
Fig. 8 shows a bivariate diagram with Ba/Ta as a function of La/
Ta, which is of particular interest to discriminate between geody-
namic settings for South America volcanic rocks: increasing Ba/Ta
ratios indicate increasing fluids and crustal components, whereas
increasing La/Ta ratios indicate increasing arc-like signatures
(Kay, 2005; Kay and Mpodozis, 2002). Intraplate and back-arc
calc-alkaline group samples have been defined with Ba/La ratios
from 12 to 15, while CVZ frontal arc rocks have Ba/La ratios greater
than 18. Samples from the Payun Matru volcanic field studied here
show La/Ta ratios lower than 18, and Ba/La ratios between 11 and
20 (Fig. 8), and then fall within the intraplate to far back-arc do-
mains as defined by Kay et al. (2005). Three samples display much
lower Ba/La ratios, due to Ba depletion (Ba < 200 ppm, Table 2):
94AE, 94AL and 88Z, the youngest and most evolved samples (with
SiO2 greater than 65 wt.%, Fig. 4) within the Payun Matru caldera
(Fig. 2).
5. Discussion

5.1. Temporal evolution: ages and morphology

The activity of the basaltic field of Los Volcanes has been dom-
inated by effusive and strombolian activity since at least 300 ka,
over at least 3000 km2.

The Payun volcano has a volume estimated at 40 km3. It has
been built between 272 ± 5 and 261 ± 4 ka (Table 1), which yield
a duration of about 11 kyr. A construction rate of about
4 � 10�3 km3 yr�1 can be inferred, which is on the same order than
the average output rate of 4.4 ± 0.8 � 10�3 km3 yr�1 on continental
crust (White et al., 2006), of some silicic volcanoes from continen-
tal arcs (Mt St Helens: 1.98 � 10�3 km3 yr�1; Volcan San Juan
1.78 � 10�3 km3 yr�1), or from continental volcanic field (Davis
mountains, Texas 1.0 � 10�3 km3 yr�1). It is of the same order of
magnitude than the minimum eruptive rate of ignimbrite volca-
nism of the Altiplano Puna volcanic complex (de Silva and Gosnold,
2007). Note that, however, the eruption rate of Payun volcano is an
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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order of magnitude higher than the peak eruption rates of 0.2–
0.3 � 10�3 km3 yr�1 calculated for two young volcanoes from the
Tatara–San Pedro volcanic complex (Singer et al., 1997), located
on the Andean range at the same latitude than Payun Matru volca-
nic field and constructed within 930 kyr. The growth rate of these
complex based on preserved deposits has been estimated at
0.06 � 10�3 km3 yr�1 (Singer et al., 1997). The back-arc extensional
setting location could explain such difference. It is likely that the
eruptive rate calculated for the Payun volcano is higher than volca-
noes located at the same latitude within the Andean range because,
there, compressional forces and thick rock pile could strongly limit
magma ascent towards the surface.
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
(2010), doi:10.1016/j.jsames.2010.01.002
Based on our new radiometric ages and geochemical analyses,
we constrain the Payun Matru volcano activity in the last 300 kyr
rather than during Pliocene, as previously inferred (Kay et al.,
2006; Ramos and Kay, 2006). However, the still limited number
of ages available (Table 1) prevents us to estimate the output rate
for this volcano. The Payun Matru volcano has a complex morphol-
ogy and younger lava flows and domes cover its western and east-
ern flanks, hiding its basal limit. We constrain between 168 ± 3 ka
(inner caldera wall) and 82 ± 1 ka (lava flow inside the depression)
the caldera-forming eruption. With a GIS reconstruction, the an-
cient volcano has been modeled as a flattened cone, about
2300 m high, with a basal diameter of about 20 km, and therefore
-arc Pleistocene Payun Matru volcanic field (Argentina). J. S. Am. Earth Sci.
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a volume of about 240 km3 (Fig. 3c). Considering that the actual
caldera floor is about 3000 m above sea-level, or 1000 m above
the basement (younger lava flows excepted), we can roughly calcu-
late that the volume removed by the caldera-forming eruption is
about 25 km3.
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5.2. Magmatic evolution

Our results show that lavas from the Los Volcanes field were sub-
jected to only a slight fractional crystallization of olivine and oxides
(Fig. 5). As shown by their spatial distribution (Fig. 3a), they erupted
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along an overall WE preferential direction. Magma ascent from the
reservoir to the surface through pre-existing EW faults was proba-
bly favored by crustal extension into a back-arc tectonic setting.

Payun and Payun Matru volcanoes seem to evolve by crystal
fractionation of Cpx + Fe � Ti oxides + apatite + plagioclases from
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
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the same source (Fig. 5). It seems that apatite starts to crystallize
in the reservoir before the magma ascent, as shown by the P2O5

variation. Plagioclase, sanidine, apatite and magnetite fractionation
is also characterized by Ba, Eu, Sr and Ti negative anomalies in
evolved rocks (Figs. 5 and 6). Evolved samples from Payun Matru
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volcanoes also show positive Th and negative Nb anomalies, asso-
ciated with Ba depletion (<200 ppm), which then cannot be inter-
preted as a source signature. Unfortunately, the lack of isotopic
measurements makes difficult to better constrain the magmatic
sources and subsequent evolution through time. Fig. 9 shows that
the SiO2 content of pre-collapse lava of the Payun Matru volcano
(94AH1) is significantly higher than the oldest post-collapse flow
(94AI). This can be explained by the partial destruction of the vol-
cano and the subsequent release of edifice load, which may favor
renewed eruption of more basic magmas (Pinel and Jaupart,
2000) after the collapse. The deloading first allowed basic magmas
to erupt (94AI), followed by intermediate to highly differentiated
lavas, inside and outside the caldera. As the shield grew, magmas
ascent and eruption though the central vent complex was made
more difficult (Davidson and de Silva, 2000), and the accumulation
of lavas allowed storage and differentiation. More mafic magmas
erupted away from the volcano thanks to horizontal dyke propaga-
tion, whereas differentiated magmas erupted on the main edifice
(Pinel and Jaupart, 2004). Only a few highly differentiated lava
flows and dome could erupt inside the caldera or along the rim,
and a high proportion of more basic lava flows were erupted out-
side the main edifice, as observed in the Payun Matru and Los Vol-
canes fields.
Please cite this article in press as: Germa, A., et al. Volcanic evolution of the back
(2010), doi:10.1016/j.jsames.2010.01.002
On the chondrite-normalized rare earth element patterns
(Fig. 6c) and spider diagrams (Fig. 7c), samples of the Group G1,
including the ignimbrite (88 AA, 94T1 and 94T2) and the caldera
inner wall (94AH1), have strikingly identical patterns. This could
suggest that magma did not have enough time to evolve between
the last stage of the shield construction and the ignimbrite erup-
tion. Such eruptions could occur when the magma has evolved into
highly differentiated stages and became gas-saturated, so that the
pressure inside the magma chamber caused a catastrophic erup-
tion (Lipman, 1997). Alternatively, explosive eruptions can occur
when a hot basaltic magma ascents and reaches a colder andesitic
magma chamber and could induce magma mixing and the destabi-
lization of the reservoir triggering the eruption (Lipman, 1997).
Here, the fact that the ignimbrite samples have exactly the same
geochemical signature and that there is no petrographic evidence
for magma mixing allow us to propose that the depressurization
of the reservoir has a tectonic rather than a magmatic origin.

Finally, we can infer that the magmatic evolution of Payun Ma-
tru volcanic field is linked to the tectonic setting at a regional scale.
Its particular location into a back-arc domain could explain the fact
that both basaltic lava flows and highly differentiated ignimbrite
related to a caldera-forming eruption were erupted together in
the same time frame.
6. Conclusions

The rocks studied here are related to the subduction of the Naz-
ca plate beneath South America plate. Nevertheless, their back-arc
location, under a thinned continental lithosphere, provides them
with intraplate signatures. Such signatures could be emphasized
by the influx of asthenosphere during and after the steepening of
the slab, as previously suggested (e.g., Kay et al., 2006).

Based on 14 new K–Ar ages ranging from 285 ± 5 to 7 ± 1 ka and
on 31 whole-rock major and trace element analyses, the history of
the Payun Matru volcanic complex is now relatively well con-
strained. Our data outline the temporal relationship between basic
and evolved magmas erupted in this complex. While a basaltic
field was constructed over at least 3000 km2, intermediate magma
erupted rapidly, with an extrusion rate of about 4 � 10�3 km3 yr�1,
to build the Payun Volcano at about 265 ± 5 ka. To the north, Payun
Matru volcano started its edification with massive and thick
evolved lavas before 168 ± 4 ka. Differentiation by crystal fraction-
ation, associated with regional extension caused the sudden
depressurization of the magma chamber and the emission of a
large volume pyroclastic flow. This was related to the summit cal-
dera collapse marking a drastic change of eruptive dynamism.
Along the caldera rim, post-caldera activity took place, as well as
on the external slopes and within the depression. Basalts did not
erupt at the level of the Payun Matru volcano probably because
of the edifice load. They were rather emitted in its vicinity along
pre-existing EW trending fractures into strombolian and effusive
eruptions. Finally, we have shown that the coeval eruption of basic
and highly evolved lavas is still an ongoing process, with very
young (less than 10 ka old) products emitted on Los Volcanes field
as basaltic flows and strombolian cones, and on the Payun Matru
volcano as trachyte lava flows.
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